Introduction {#sec1-1}
============

As defined by international ascites club, Hepatorenal syndrome (HRS) is a 'potentially reversible syndrome occurring in patients with cirrhosis, ascites and liver failure. It is characterized by impaired renal failure, marked alterations in the cardiovascular function and over-activity of the endogenous vasoactive systems. Marked vasoconstriction in the kidney causes low GFR, whereas in the systemic circulation, there is decreased vascular resistance due to splanchnic and peripheral arterial vasodilatation. A similar syndrome can also occur in acute liver failure and acute alcoholic hepatitis.'\[[@ref1]\] Diagnosis of this condition is essentially based on presence of revised International Ascites Club framed diagnostic criteria \[[Table 1](#T1){ref-type="table"}\].\[[@ref1]\] Chances of occurrence of HRS in patients with cirrhosis of liver is 18 and 39% at one and five years respectively.\[[@ref2]\] Based on clinical features and prognosis HRS is classified into two types. Type 1 HRS is the most common and severe variety, characterized by acute onset and rapid progression with mean survival period of two weeks after the onset of renal failure. On the other hand type 2 HRS has slow progression and comparatively better prognosis with mean survival period of six months.\[[@ref1]--[@ref3]\] Although liver transplantation remains the final and treatment of choice for type 1 HRS; pharmacological treatment acts as a bridging therapy to transplantation.\[[@ref2]\] Use of vasoconstrictors like terlipressin and plasma expander albumin in HRS was a breakthrough pharmacological intervention. Combination of terlipressin and albumin is found to be most efficacious in improving renal function in these patients.\[[@ref3]\] Recently, the focus on HRS has shifted towards the issues of non-responders to terlipressin and long term survival benefits of terlipressin in HRS.\[[@ref4][@ref5]\] Meta-analysis by Gludd *et al*. 2010, with mortality as primary outcome measure reports 20% reduction in mortality (Relative risk (RR): 0.80; 95% CI: 0.66-0.97) by terlipressin. However their long term survival benefit in these patients is either inconclusive or insignificant.\[[@ref4]\]
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Revised International Ascites Club Diagnostic criteria for Hepatorenal syndrome
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There are seven meta-analysis and two systematic reviews conducted on the efficacy of terlipressin, except for meta-analysis by Gludd *et al*. 2010, others have mainly focused on the renal function improvement or HRS reversal efficacy of terlipressin.\[[@ref2][@ref4]\] With an aim to address the issues of non-responders to terlipressin and long term survival benefits of terlipressin, present meta-analysis differs from meta-analysis by Gludd *et al*. 2010, in that we specifically analyzed survival benefits of terlipressin against individual causes of death apart from analyzing overall survival benefits against all causes of death. In addition, we also addressed the issue of treating the non-responder state to terlipressin.

Materials and Methods {#sec1-2}
=====================
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### Eligibility Criteria {#sec3-1}

Studies with any type of study designs, irrespective of type of HRS comparing treatment of terlipressin (with or without albumin/other drugs) with control group (with or without albumin/other drugs) on patients of either sex aged above18 years and publishing mortality data at the end of study period or follow up were eligible for inclusion.

### Search Methodology {#sec3-2}

Two authors independently conducted electronic data search for the relevant articles in MEDLINE, Cochrane library The Cochrane Register for Controlled trials and SCIRUS with MeSH terms 'Terlipressin' and 'Hepatorenal syndrome'. Electronic data search was also conducted in certain specific journal websites like Journal of Hepatology, Hepatology, Gastroentorolgy, American Journal of Gastroenterology, Digestive Disease Science, etc. Manual search of bibliographies of all the meta-analysis, published trials and other relevant articles was also carried out. We limited our search to those studies published up to July 2011in English literature.

### Data Extraction {#sec3-3}

Published data independently extracted by two authors was considered for the analysis. Final data was prepared after achieving consensus between two authors. In analyzing overall survival benefits against all causes of death, published data at the end of study period or maximum days of follow-up was extracted for the analysis. For analyzing survival benefits against individual causes of death, data on causes of death due to HRS and other causes were extracted. Corresponding authors of studies with the unpublished or unclear data on the individual causes of death were requested for the same through electronic mail.

### Outcome Measures {#sec3-4}

Difference in the mortality rate due to all causes of death was the primary outcome measure. In addition, differences in the mortality rates of deaths due to individual causes of death and overall mortality rate at different time periods were also estimated. Additional subgroup analysis to estimate the influence of various factors like percentage of patients with alcoholic liver disease (ALD) as cause of cirrhosis, dose of terlipressin used (\>4mg/d and\<4mg/d); type of interventions used (terlipressin with vs without albumin; terlipressin vs placebo; terlipressin vs noradrenaline), blinding and quality score of study (studies of low quality vs high quality) was also conducted.

### Statistical Methods {#sec3-5}

Overall survival benefit against all causes of mortality was analyzed by calculating the Risk Difference (RD) in the mortality rate between the terlipressin group (with or without albumin/other drugs) and control group (with or without albumin/other drugs). Differences in the mortality rate due to individual causes of death between terlipressin group and control group were analyzed by fixed effect model as the numbers of studies analyzed were only two. In analyzing overall survival benefits, both random effects model using Der Simonian and Laird method and fixed effect model by Mantel-Haenszel method were used for analysis. Separate analysis of only randomized studies was also conducted. Considering the possibility of heterogeneity between the studies; random effects model results were used for analysis and discussion. Sensitivity analysis for the robustness of the results was done by comparing the results of random effect model with fixed effect model. Cochrane Q test for heterogeneity and I^2^ test were used for analyzing inter-trial heterogeneity. A chi square test with P value \<0.10 and I^2^ test value \>50% was considered as an indicator of significant heterogeneity. RevMan software version 4.3.2 by Cochrane collaboration was used for statistical analysis of the data.

### Quality Evaluation and Publication Bias {#sec3-6}

Studies with full text article were subjected to structured review for quality evaluation as described by Nancy *et al*.\[[@ref6]\] The un-blinded quality assessments of published information were independently performed by two co-authors and then a consensus was achieved on the final score. Publication bias was analyzed by funnel plot method.

Results {#sec1-3}
=======

 {#sec2-2}

### Study search results {#sec3-7}

[Figure 1](#F1){ref-type="fig"} shows study attrition diagram and number of trials included in meta-analysis. Eight randomized controlled trials and one retrospective study met eligibility criteria and were included under analysis. Of the total 12 prospective randomized controlled trials conducted on the role of terlipressin in HRS, five studies were excluded.\[[@ref7]--[@ref18]\] The reason for excluding study by Hedengue *et al*. was that it did not had mortality data at the end of 2 days treatment.\[[@ref14]\] Study by Srivastava *et al*. was of 5 days duration and had no mortality data published.\[[@ref15]\] Study by Angeli *et al*. was excluded because terlipressin was the test drug in both groups; testing terlipressin given as continuous intravenous infusion versus terlipressin given as intravenous boluses.\[[@ref16]\] Similarly study by Romero *et al*. compared terlipressin in both the groups differentiated by presence or absence of active infection.\[[@ref17]\] Study by Yang *et al*. was published in Chinese literature.\[[@ref18]\] Though our criterion was to exclude studies published in other languages we also made a separate analysis after including this study. Data from the remaining 7 randomized studies were extracted and included in the final analysis.\[[@ref7]--[@ref13]\] Among the non-randomized studies, retrospective cohort study by Danalinglu *et al*. met the eligibility criteria and was included for analysis.\[[@ref19]\]
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### Characteristics of Included Studies {#sec3-8}

From six of eight eligible studies, baseline demographic and clinical features of the patients included in each study were available as shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}.\[[@ref7]--[@ref12]\] There is a wide variation in the total number of patients included in each study and their demographic and clinical features. In all the studies mortality data at the end of either treatment period or follow-up period was available. With regard to interventions, albumin was used in most of the studies at various doses and different regimens. In all included studies terlipressin was administered intermittently, except in Singh *et al*. where information was not available. The dose and duration of treatment; study design and results of quality evaluation are presented in [Table 4](#T4){ref-type="table"}. No significant publication bias was observed in funnel plot method when all studies were included in analysis.

###### 

Baseline demographic and clinical features of included studies
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(continued) Baseline demographic and clinical features of individual studies
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###### 

Characteristics of individual studies and interventions used

![](IJPharm-45-54-g005)

### Results of outcome measure {#sec3-9}

Analysis of overall mortality rate reduction after analyzing all studies irrespective of the number of days of study period or follow up period was 15% (RD: -0.15; 95% CI: -0.26 to -0.03) \[[Figure 2](#F2){ref-type="fig"}\]. Among the overall mortality rate at the end of 15 days; there was 26% (RD:-0.26; 95% CI:-0.43 to -0.09) reduction in mortality rate due to treatment with terlipressin. However, as observed in the study by Gludd *et al*. 2010, the survival benefits of terlipressin were not sustained at or beyond 30 days. Analysis of RCTs alone and exclusion of study by Yang *et al*. published in Chinese literature; did not have significant impact on the results of mortality rate. Results of overall survival benefits by random effects model (-15%) appear to be robust as they didn't differ significantly from fixed effect model (-13%). Interestingly, though we expected significant inter-trial heterogeneity there was evidence of only mild inter-trial heterogeneity with Chi square p-value and I^2^ test value for heterogeneity being 0.14 and 35.7% respectively.

![Forest plot showing the risk difference in mortality rate due to all causes of death](IJPharm-45-54-g006){#F2}

In subgroup analysis of survival benefits of studies with \<50% of patients with ALD as cause of cirrhosis (RD: -0.12; 95% CI: -0.28 to 0.05) vs \>50% of patients with ALD as cause of cirrhosis (RD: -0.05; 95% CI: -0.24 to 0.13); those comparing terlipressin plus albumin vs noradrenaline plus albumin (RD: -0.01; 95% CI:-0.18 to 0.16) or terlipressin plus albumin vs albumin alone (RD: -0.12; 95% CI: -0.25 to 0.01) and those where dose of terlipressin was \>4mg/d (RD: -0.05; 95% CI: -0.17 to 0.08) showed no statistically significant survival benefits favoring terlipressin unlike the studies comparing terlipressin versus placebo (RD: -0.42; 95% CI: -0.65 to -0.20) and those studies where dose of terlipressin was \<4mg/d (RD: -0.35; 95% CI: -0.51 to -0.19). Similarly no survival benefits were observed on subgroup analysis of studies with high quality score (\>85%) (RD: -0.05; 95% CI: -0.18 to 0.08) or studies which are randomized but un-blinded (RD: -0.12; 95% CI: -0.25 to 0.02) or randomized and blinded (double or single) (RD: -0.22; 95% CI: -0.58 to 0.15) unlike the studies with low quality score (RD: -0.25; 95% CI: -0.51 to -0.03) or low quality and non-randomized studies (RD: -0.22; 95% CI: -0.40 to -0.05).

Published data on individual causes of death in terlipressin group and control group were available only from two studies.\[[@ref7][@ref10]\]

It was either not available or unclear from other studies. We failed to get the data from the corresponding authors of these studies even after contact through electronic mail. However, analysis of available data from two studies with the data on causes of death in individual patients at the end of 3months revealed statistically significant 9% reduction in mortality rate due to HRS alone as cause of death (RD: -0.09; 95% CI: -0.18 to 0.00;) \[[Figure 3](#F3){ref-type="fig"}\]. However, the decrease in mortality due to liver failure alone as cause of death was not significant (RD: -0.05; 95% CI: -0.18 to 0.08). Interestingly, reduction in mortality rate due to multi-organ failure alone as cause of death favored control group (RD: 0.10; 95% CI: 0.00 to 0.21).

![Forest plot showing the risk difference in the mortality rate due to HRS alone](IJPharm-45-54-g007){#F3}

Discussion {#sec1-4}
==========

Analysis of data from two randomized studies where information on causes of death in individual patients were available revealed that the majority of patients treated with terlipressin died either because of multi-organ failure or sepsis or Systemic Inflammatory Response Syndrome (SIRS) or hepatic failure.\[[@ref7][@ref10]\] Reduction in the mortality rate due to HRS alone as cause of death even at three months was though low but significant. As terlipressin doesn't reduce severity of underlying liver failure, its lack of survival benefits against liver failure as cause of death can be expected.\[[@ref7]\] Interestingly, survival benefits against multi-organ failure as cause of death was favored in control group; raising the doubt of possibility of increased incidences of deaths due to multi-organ failure in terlipressin group. Lack of survival benefits of terlipressin and perhaps with other vasoconstrictor drugs in HRS despite improvement in renal function may be attributed due either to their failure to prevent deaths due to other causes of death or increased incidences of deaths due to multi-organ failure. This might have been responsible for inter-individual and inter-study variations observed with survival benefits of terlipressin.

HRS reversal (decrease in serum creatinine\< 1.5mg/dl) rate of terlipressin varies from 40 to 60%.\[[@ref20]\] The factors found to be favoring the HRS reversal or survival benefits in most of the randomized studies were HRS of type 2, young age, low baseline Child Pugh Score, low baseline Model for End-Stage Liver Disease (MELD) score, low baseline serum bilirubin, low baseline serum creatinine, high baseline creatinine clearance, alcoholic liver disease as etiology and significant rise in Mean Arterial Pressure (MAP) following treatment with terlipressin. Majority of patients who respond are those with mild renal failure (baseline serum creatinine\<5mg/dl) and liver failure (Child Pugh score \<11).\[[@ref1][@ref5]\] And responder patients usually achieve a sufficient increase in MAP following treatment with terlipressin.\[[@ref5]\]

Interestingly, patients who respond to terlipressin still die of HRS.\[[@ref21]\] Reason why responders still die of HRS and how HRS can be reversed in non-responders needs to be explored.

An important factor that determines the responder and non-responder (failure achieve serum creatinine \<1.5mg/dl after treatment) states is the baseline severity of renal failure. The reversal of HRS in patients with severe renal failure (baseline serum creatinine level \>5mg/dl) is rare and early diagnosis of renal failure and immediate initiation of treatment with vasoconstrictors is advised.\[[@ref5]\] Perhaps the reason could be onset of subclinical renal tubular damage induced by long-term ischemia of kidney leading to a state of functional irreversibility.\[[@ref22]\] Failure of kidney to return from this point of irreversibility as a reason for non-responder state in patients with severe renal failure could be forwarded. Early treatment may thus prevent the onset of state of irreversibility or tubular damage and thus non-responder state to the vasoconstrictor drugs. However the question of treating non-responder patients who present with possible already set irreversible state remains to be answered. A pharmacological agent that needs to be explored to improve renal function in non-responders is the use of N-Acetylcysteine (NAC). NAC used alone in HRS has improved the renal function and survival rates.\[[@ref23]\] Mechanism behind improvement in renal function by NAC remains unknown as no improvement in severity of liver failure or hemodynamic derangements were observed in the study. An indirect evidence for possible beneficial effects of NAC in non-responders to terlipressin comes from a case report using combination of nonspecific endothelin receptor antagonist bosentan with NAC.\[[@ref24]\] Combination of these two drugs was found to be beneficial in improving renal function in a patient not responding to terlipressin. However whether the beneficial effects so observed was attributable to bosentan was doubtful. We are of the opinion that the beneficial effect so observed perhaps are attributable to NAC alone, not to bosentan as treatment with another non-specific endothelin receptor anatagonist tezosenton alone has not only failed to improve renal function, but also deteriorated the renal function.\[[@ref25]\] In addition, by its ability to reduced renal oxidant stress, NAC is known to prevent renal tubular damage induced by radiocontrast agents.\[[@ref26]\] Perhaps the same mechanism could have been responsible behind observed improvement in renal function with NAC in HRS. Role of oxidative stress in inducing both renal dysfunction and state of vascular non-reactivity in HRS and our concept of reversing them by antioxidants is also supported by few preliminary studies.\[[@ref27]--[@ref29]\]

As found in most of the randomized studies, incidences of HRS reversal and survival rate were also related to the severity of liver failure (Child Pugh score \>11). Influence of severity of liver failure on both survival and HRS reversal rate has also been emphasized.\[[@ref30]\] Bringing down the severity of liver failure in non-responder patients with CP score \>11 may be essential in order to observe beneficial effects in this group of patients. Alternatively, decreasing the severity of liver failure and indirectly renal failure by this way may either help in making the patients suitable for surgical treatment with better outcome expected. Though liver transplantation treats the primary problem of hepatic failure, it may not be indicated or affordable by all patients. A pharmacological agent that decreases the severity of liver failure in patients with Child Pugh score \>11 could be worth using in these patients. Such agent could again be NAC; though it has been found not to have any effect on severity of liver failure in HRS. Being antioxidant, NAC may exert indirect beneficial effects at least on deleterious manifestations of liver failure as does the albumin.\[[@ref31]\] Unlike the possibilities of reversing renal failure, benefits of NAC in bringing the non-responsive state to responsive state by altering severity of liver failure in severe/irreversible end stage cirrhosis is doubtful. However in the background of increased oxidative stress in the onset of multi-organ failure associated with liver failure, the most common cause of death in HRS and possible increased incidences of deaths due to multi-organ failure associated with use of terlipressin, addition of antioxidant like NAC to therapeutic regimen of terlipressin and albumin seems justifiable.\[[@ref32]\]

Failure to achieve sufficient increase in MAP with terlipressin is another important determinant of non-responder state.\[[@ref5]\] Achieving sufficient increase in MAP in these patients is quite challenging owing to the vascular non-reactivity induced by oxidant stress.\[[@ref27]--[@ref29]\] Considering the possible role of oxidants in altering vascular reactivity to vasoconstrictors in HRS, use of antioxidants to improve vascular reactivity is thus favored.\[[@ref27]--[@ref29]\] Short term use of terlipressin in HRS improves only circulatory dysfunction not renal function.\[[@ref14]\] On the other hand, long term use of terlipressin may be associated with improved responder rate.\[[@ref33]\] It is possible that long-term administration of vasoconstrictors may help in maintaining persistent and significant increase in MAP and there by maintain renal blood flow. Considering the lack of survival benefits with use of \>4mg/d dose of terlipressin, prolonged treatment with low dose (\<4mg/d) of terlipressin can thus be favored in non-responders for improving renal function. However considering the adverse effects of terlipressin, continuous monitoring for its cardiovascular adverse effects would become a major limitation for prolonged use. As NAC is found to prevent vasoconstricton related adverse effects of terlipressin, addition of NAC to long term regimen of terlipressin and albumin could also prove to be safe apart from synergistic in improving responder and survival rate.\[[@ref34]\] Considering the high cost of terlipressin, its long term use may not be practical. Noradrenaline, another vasoconstrictor drug that has relatively similar adverse reaction profile and beneficial effects as terlipressin in improving renal function and survival rate, could be promising cost effective alternative for terlipressin.\[[@ref11]--[@ref13]\] Theoretically, noradrenaline has risk of decreasing blood flow to the liver.\[[@ref12]\] In addition, as the data on the causes of death in individual patients treated with noradrenaline is not available, it will be inconclusive to state whether it decreases or increase incidences of other causes of death.

Idea of overcoming the three major determinants of non-responder state by addition of antioxidants like NAC to long term regimen of terlipressin plus albumin may prove to be beneficial in improving renal function and survival in non-responders. With regard to improving survival benefits with increasing responder rate; uncertainty still remains over the success of achieving improved survival benefits. As patients who respond to vasoconstrictor therapy still die of HRS, impact of improving responder rate by improving vascular reactivity and severity of renal failure *perse* needs to be studied further in randomized controlled trials. The significance of achieving survival benefits perhaps can also be blunted by the etiology of cirrhosis.\[[@ref35]\] Hence, apart from lack of survival benefits of terlipressin against other causes of death and possible increased incidences of deaths due to multi-organ failure, discrepancies in the survival rate and HRS reversal rate observed with terlipressin could also have been significantly influenced by the etiology of cirrhosis. Considering the complex interplay of the different factors influencing the survival rate; we are of the opinion that the true survival benefits of terlipressin cannot be estimated even if required sample size for its estimation is achieved. A study with patient characteristics favorable for higher survival or HRS reversal can record high survival benefits and vice-versa.

We must admit that our study has certain drawbacks. We have restricted our search to published studies in English. Our conclusion that the terlipressin has survival benefit only with respect to HRS alone as cause of death and not against other causes of death is dependent only on data from two randomized studies. With total population of only 158 patients analyzed from these two studies; sample size is very low to make such a conclusion. Since the data on individual causes of death in other randomized studies were not available, future reviews may come up with an acceptable conclusion if these data become available. Opinion that NAC can be beneficial in reversing non-responder state to responder state is supported by preliminary or observational studies not controlled studies is another drawback. As most of the eligible studies included patients of both types of HRS, considering the comparatively better prognosis associated with type 2 HRS, an influence of including these patients on the results of survival and HRS reversal benefits cannot be ruled out.

Conclusion {#sec1-5}
==========

Terlipressin has even long term survival benefits perhaps at least up to three months; but only against HRS as a cause of death not for other causes of death. Benefits and role of antioxidants like NAC in non-responders needs to be studied further. Long-term use of low dose terlipressin (\<4mg/d) plus albumin and addition of antioxidant NAC to this regimen may help in improving both HRS reversal rate and survival rate in non-responders to terlipressin.
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